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SOCIAL MAPPING OF CONTACTS FROM 
COMPUTER COMMUNICATION 

INFORMATION 

TECHNICAL FIELD 

The present invention relates to providing inferring asso 
ciations betWeen people contacted through computer com 
munication. 

BACKGROUND AND SUMMARY 

Current communication and member directory services 
use static, user generated information to organize contact 
information. People or contacts tend to be organized alpha 
betically or according to ?le hierarchies. For example, in 
member directory services people are commonly organized 
according to formal, organizational hierarchical structures. 
HoWever, many relationships and groups are much more 
dynamic than formal, organizational hierarchical structures 
and people do not intuitively arrange their contacts alpha 
betically or according to topical hierarchies. 

Computers increasingly serve as tools through Which 
people interact and communicate With each other. Conven 
tional computer use is task-oriented and is directed to 
creating items, modifying them, and storing them to non 
volatile memory (e. g., hard disk drives). HoWever, people do 
not vieW personal contacts as objects to be created, modi 
?ed, or stored, and do not intuitively arrange their social 
contacts according to ?le hierarchies, or alphabetically. 
A neW metaphor is needed for computer social informa 

tion in place of the conventional metaphors on Which 
task-oriented computing is based. Accordingly, a social 
netWork metaphor is provided so that social items are 
organized depending on their relationships to each other 
rather than being organized according to the ?les and folders 
of conventional computing. Social information, including 
computer communication information, is modeled accord 
ing to a netWork approach, and users are provided With 
representations of patterns Within their social spaces and 
graphical interface tools for navigating through the spaces. 
This can enhance the user’s ability to seek out social 
information and manage their online social relationships. 

People tend to arrange their contacts intuitively in terms 
of hoW people and groups are related to each other, and by 
their importance. It Would not be feasible to expect users to 
explicitly provide information about these dynamic groups. 
The present invention automatically infers these dynamic, 
informal relationships and groups by extracting implicit 
associations betWeen people and groups from usage patterns 
in email and in distribution lists, for example. In one 
implementation, the present invention includes collecting 
computer communication data automatically (i.e., Without 
user prompting), processing the data into models of netWork 
and netWork patterns, representing the netWork and netWork 
patterns to the user through graphical or textual visualiza 
tions, and providing features that alloW the user to interact 
With the network. The implicit associations may be extracted 
repeatedly or periodically to accurately represent the 
dynamic, informal relationships betWeen people. 
An underlying theme of this invention is that people 

interact With each other online in the context of a social 
netWork. According to a social netWork perspective, indi 
vidual items (persons, Web pages, etc.) are vieWed as inter 
dependent and are interconnected by relational ties. The 
relational ties betWeen units are channels for transfer or 
“?ow” of resources, such as emails, ?les, Web links, and so 
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2 
forth. Relational ties may vary in strength and by context. 
These relational ties form meaningful patterns or regularities 
that can be assessed automatically and exploited for the 
user’s bene?t. Patterns or regularities in a netWork structure 
are dynamic, needing to be updated automatically depending 
on ongoing changes in the relational ties. 

Also, people tend to have an egocentric perspective When 
conceptualizing their social netWorks. People most care 
about hoW others relate to themselves. When seeking out 
information, navigating through a social space, or organiz 
ing items, people Will generally Want to start at their oWn 
place in a social netWork, or With people similar to or close 
to themselves. 

Moreover, in a social context, people care about other 
people and their relational ties. As a consequence, in the 
context of online social interactions people and their rela 
tionships should be prominent in a user interface. For 
example, rather than initiating an online interaction through 
an application such as Instant Messenger, the user should be 
able to initiate an interaction directly through a representa 
tion of the person With Whom they Want to interact. In 
addition to making people prominent in the user interface, 
information about people and their relational ties should be 
actively employed to help people search/?lter/retrieve infor 
mation and objects that occupy the social space. For 
example, a person searching for music online should be able 
?nd mp3s that are frequently accessed by important others 
in his or her social netWork. 

Finally, the success of an organization can depend on the 
exchange of knoWledge and technology betWeen different 
groups. 

HoWever, any knoWledge transfer across the organization 
and groups depends on people’s aWareness of Who’s doing 
What across the groups. The challenge of developing an 
aWareness of group activities is made more formidable by 
the dynamic, informal nature of the social structures for 
many organizations. The formal structures found through 
org charts and internal Web pages leave out a large part of the 
picture. Interpersonal connections, on the other hand, pro 
vide more informal, dynamic information. Currently, such 
knoWledge transfer across individuals depends on people’s 
attendance at meetings and conferences or the serendipity of 
informal encounters. 

One implementation of the present invention provides an 
online alternative With Which users can develop an aWare 
ness of the informal social structures of an organization and 
exploit interpersonal connections When seeking out infor 
mation. In one implementation, users are provided a Web 
based, interactive map that alloWs users to navigate for 
information using social, relational ties such as Who is 
Working With Whom, Who is Working on Which projects, and 
Who is Working in Which groups. 

Additional objects and advantages of the present inven 
tion Will be apparent from the detailed description of the 
preferred embodiment thereof, Which proceeds With refer 
ence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of an exemplary social map 
visualization as rendered on a computer display screen. 

FIG. 2 is a How diagram of a social map method for 
generating and rendering visualization of a social map based 
upon computer communication information. 

FIG. 3 is an illustration of another exemplary social map 
visualization as rendered on a computer display screen. 
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FIG. 4 shows a section of a graph vieW based upon the 
spring model de?ned above and rendered on a tWo-dimen 
sional display. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is an illustration of an exemplary social map 
visualiZation 100 as rendered on a computer display screen. 
Social map visualiZation 100 illustrates and is based upon 
measurements of the extent of association betWeen people 
Who are identi?ed individually or as groups or members of 
groups. In the illustrated implementation, the associations 
betWeen people are based upon computer communications 
betWeen the people, speci?cally email communications. 
Alternatively, other communication formats or information 
may separately or additionally form the basis for measuring 
the extent of association betWeen people. 

Social map visualiZation 100 is formed in relation to a 
selected user or person, Who is indicated by a selected user 
symbol 102 and a username (“K. Cheng”). Social map 
visualiZation 100 includes multiple associated user symbols 
104, With usemames, that correspond to other people With 
Whom the selected user is associated. In the illustrated 
implementation, associated user symbols 104 are rendered 
in a radial sector format (e.g., “pie slices”) that include 
clusters 106a, 106b, etc. of associated users Who are com 
monly associated in group. Clusters 106a, 106b, etc. are 
referred to generally as clusters 106. Social map visualiza 
tion 100 corresponds to a social space for the selected user 
that corresponds to selected user symbol 102 and alloWs 
inferences to be made as to the importance of people and 
groups, informal relationships betWeen people, and dynamic 
grouping. 

Social map visualiZation 100 is based upon automatically 
generated association measures betWeen people using com 
puter communication information. The computer communi 
cation information may include any or all of dynamic email 
information, distribution list membership and data, public 
discussion threads, instant messaging contacts, meeting 
attendees listed on online calendars, people or contacts With 
Whom documents are shared, memberships in online com 
munities, groups, games, pro?le information, etc. The data 
coming from different modes of communication, etc. can be 
Weighted differently and dynamically varied depending on 
the context of use. With respect to public discussion threads 
(i.e., places Where multiple users can contribute to the same 
topic), for example, it may be assumed that people contrib 
uting to the same thread share similar interests and that the 
number of common topics can be a measure of similarity. 
Social map visualiZation 100 provides users With dynamic 
representations of patterns Within their social space using 
those association measures. 
As an alternative to the sector visualiZation format illus 

trated in FIG. 1, social environments may be modeled With 
a netWork metaphor in Which each item is represented in 
terms of its relationships to other items, as described beloW 
in greater detail. A netWork approach can also automatically 
provide users With dynamic representations of patterns 
Within their social spaces and a means for navigating 
through them. Both visualiZation formats enhance the user’ s 
ability to seek out social information and manage their 
online social relationships. 

FIG. 2 is a How diagram of a computer softWare imple 
mented social map method 200 for generating and rendering 
visualiZation of a social map based upon computer commu 
nication information. In one exemplary implementation, the 
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4 
computer communication information is obtained primarily 
from email message, hoWever other implementations may 
employ other computer communication information, as 
described beloW. For example, social map method 200 could 
use any number of data sources, including client- or server 
based email systems (e.g., Outlook® and Exchange® soft 
Ware programs), Intemet- or Web-based email services (e. g., 
Hotmail® email services), instant messaging systems, and 
other communication or organiZational applications. 

Process block 202 indicates that computer communica 
tion information is collected relating to multiple people or 
compute users Who are in communication With each other. 
For example, the computer communication information may 
be collected automatically, Without direct user input. More 
over, the computer communication information may be 
collected dynamically (i.e., repeatedly or periodically) to 
capture changes in the computer communication informa 
tion that occur over time. 

In one implementation, the computer communication 
information is obtained from email messages, particularly 
identi?ers of Who sent and Was sent email messages, as 
indicated in email headers. Commonly, the person Who sent 
an email message is indicated in a “From:” ?eld, and the 
person or persons Who receive the email message are 
indicated on a “To:” ?eld and a “Ccz” ?eld, the latter 
typically indicating a secondary recipient of the message. 
The computer communication information may be obtained 
for all email messages transmitted or received during a 
speci?ed time period for any grouping or email users: 
speci?cally identi?ed users, all users served by a speci?ed 
email server, all users served by a speci?ed email domain, 
etc. 

In another implementation, the computer communication 
information includes email distribution list memberships, 
Which represent interaction patterns that can model the 
social structures of an organiZation and relationships of 
other people to the organiZation. Such distribution list mem 
berships may be maintained on an email server or a gener 
aliZed netWork directory, such as a netWork directory based 
upon the LightWeight Directory Access Protocol (LDAP). 
The Active DirectoryTM feature in some WindoWs® netWork 
operating systems available from Microsoft Corporation is 
an example of such a generaliZed netWork directory. In 
addition, the distribution list memberships may be further 
combined With organiZational and user-generated informa 
tion, such as project teams, research groups, research topics, 
etc. 

Process block 204 indicates that the computer communi 
cation information is ?ltered according to one or more 
preselected criteria, so that the number of people (i.e., 
contacts) associated With the selected user may be reduced 
if the number is excessive. Personal social netWorks tend to 
be too large for all contacts to be included in a visualiZation 
of the netWork. 

With regard to an implementation based upon email 
messages, for example, the preselected criteria may include 
any or all of the number of email messages in Which a person 
or contact is listed as a sender or recipient, Whether the 
person or contact Was sent an email message by the selected 
user, and the relative recency of email messages to the 
person or contact. 

In one implementation, ?ltering may be based upon 
number of occurrences, roles played, and time period. The 
number of occurrences for each individual is the number of 
times that person appears as a recipient or sender of an 
email. People may be sorted by the number of occurrences, 
and the N-number of people With the greatest number of 
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occurrences may be selected for inclusion. For example, 
visualiZation 100 (FIG. 1) may include a user-operable 
graphical entity count control 110 (e.g., a slider) With Which 
a user can select the number N of people to be included. 

The roles played indicates Whether the person has ever 
been directly emailed by the oWner of the email inbox and 
Whether the person has ever directly emailed the oWner of 
the email inbox. People may be ?ltered out if they have 
never been directly emailed by the email inbox oWner so as 
to eliminate people Who send unsolicited email. The time 
period is the range of time over Which the email messages 
to be included are transmitted. For example, visualiZation 
100 (FIG. 1) may include one or more user-operable graphi 
cal time period controls, such as controls 112 and 114 With 
Which a user can select a speci?c time range or a time period 
duration, respectively. This alloWs social map visualiZation 
100 to shoW hoW it changes over time. In one implementa 
tion, a default time period is 20 days. 

With regard to an implementation based upon email 
distribution list memberships, for example, a generaliZed 
netWork directory may be ?ltered for members of an orga 
niZation or a part of it. Then a search may be conducted for 
all distribution lists that have some members from the 
organization. 

Process block 206 indicates that the computer communi 
cation information is analyZed to determine extents of 
similarity betWeen the people or contacts. In one implemen 
tation, a measure of similarity is determined betWeen every 
pair of people or contacts. 

With regard to an implementation based upon email 
messages, for example, the similarity betWeen tWo people 
may be de?ned as the number of email messages on Which 
they co-occur. In one implementation, tWo measures of 
similarity are de?ned: local and global similarity. Both 
measures range from 0 to 1, Where 1 corresponds to per 
fectly similarity. 

Local similarity is the similarity betWeen tWo people 
normaliZed such that it is 1 if those tWo people alWays 
co-occur 0 if they never co-occur. Local similarity LSab 
betWeen tWo people (person’s a and b) is equal to tWice the 
co-occurrence frequency (Nab) of those tWo people divided 
by the sum of the individual occurrence frequencies (Na and 
Nb) for those tWo people: 

The local similarity indicates a proportion of occurrences in 
Which the tWo people occur together. It Will be noted that 
tWo people can be very similar to each other (e.g., co 
occurring 100% on all emails on Which they appear) Without 
frequently occurring in the user’s inbox. 

Global similarity GSab is the similarity betWeen tWo 
people normaliZed such that it is 1 if those tWo people 
alWays co-occur and 0 if they never co-occur. It is equal to 
the co-occurrence frequency of those tWo people divided by 
the maximum number of occurrences for any person. This 
number provides a measure of the importance of the person/ 
cluster to the user. 

GSab : ab/N total 

With regard to an implementation based upon email 
distribution list memberships, for example, similarity 
betWeen people may be de?ned as the number of distribution 
lists on Which they co-occur. (Conversely, similarity 
betWeen groups may be de?ned as the number of shared 
members.) Also, similarity measures may be Weighted by 
the siZe of the group, such that people are less similar if they 
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6 
share membership in large groups than in small groups. As 
an alternative to Weighting them by siZe, groups such as 
distribution lists may be Weighted by their usage. 
Usage is often inversely related to siZe (large groups tend 

to be used less) and, as a Weighting factor can eliminate 
inactive groups. 
The number of distribution lists on Which tWo people 

co-occur corresponds to the extent to Which their group 
memberships overlap. Groups may include any or all of 
distribution lists, research groups, project teams, research 
topics, etc. The impact of each group on the similarity 
measure depends on the siZe of the group, such that a smaller 
group siZe Would lead to people being more similar. Simi 
larity values are calculated separately for each group type 
(distribution list, research group, research project team, 
research topic, etc.) and are then combined using a Weighted 
sum. 

BeloW is one formula that may be used for Weighting the 
similarity values depending on the siZe of the groups. The 
function strongly Weights groups ranging betWeen 0 and 10, 
and then drops suddenly betWeen 10 and 25 so that by the 
time groups are about 30 they have very small Weights. 

1 1 1 6 
. : _ _ _ _ _ 5 Weight 2 narctan[ 3+ 1O(numberiofipeople) ] 

Similarity betWeen groups is measured by the extent to 
Which they share the same members. The impact of each 
person on the similarity measure depends on the number of 
other groups to Which that person belongs, such that a 
smaller number of group memberships carries a higher 
Weight. 

Process block 208 indicates that people or contacts are 
optionally clustered into groups through cluster analyses. 
The clustering analysis is related to the desired ?nal task, not 
the initial data. For example, cluster analyses may be used 
to draW or provide a sector vieW and to perform some 
group-oriented tasks, for example, but are not required to 
determine social maps generally. In the exemplary imple 
mentations described above, a sector vieW is used as a 
default visualiZation for email data and a map vieW is used 
as a default for distribution list data. HoWever, the vieW may 
be sWitched for each data set. 

In one implementation, every person is at ?rst placed in 
his or her oWn cluster. The similarity betWeen every pair of 
clusters is the local similarity betWeen the people in those 
clusters. Then, the tWo closest clusters are merged. The neW 
similarity betWeen the merged cluster and every other clus 
ter is calculated using the standard complete linkage method 
from cluster analysis, described in Cluster Analysis, Quan 
titative Applications in the Social Sciences, Aldenderfer, 
Mark S. & Roger K. Blash?eld, Sage, Beverly Hills, 1984. 
Finally, this merging process is repeated until a certain 
tolerance level has been achieved (i.e., Where the clusters 
must be similar enough to be clustered together). The 
tolerance level may be set by the user, and may be adjusted 
interactively by vieWing hoW it affects the social map. For 
example, visualiZation 100 (FIG. 1) may include a user 
operable graphical clustering control 116 With Which a user 
can select the tolerance level for clustering. 

In one implementation, a modi?ed form of hierarchical 
cluster analysis is used to group people together if they share 
a high degree of similarity. Hierarchical cluster analysis is 
described in Cluster Analysis, Quantitative Applications in 
the Social Sciences, Aldenderfer, Mark S. & Roger K. 
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Blash?eld, Sage, Beverly Hills, 1984. The operations of 
steps 204, 206, and optionally 208, may be referred to as a 
data processing phase of method 200. 

Process block 210 indicates that a group vieW visualiZa 
tion of a social map is generated and rendered on a computer 
display screen. In one implementation based upon email 
messages, for example, people and groups are represented 
With a sector vieW, as illustrated in FIG. 1. The sector vieW 
is most easily understood With a pie chart metaphor. As 
illustrated in FIG. 1, visualiZation 100 is rendered With 
respect to a selected user symbol 102, Which is positioned 
generally centrally in visualiZation 100. Each cluster 106 of 
people or contacts 104 is positioned in its oWn radial section 
or Wedge of “pie.” 

Within each cluster 106, contacts 104 are arranged With a 
distance from central selected user symbol 102 that is 
inversely proportional to the global similarity of each con 
tact 104 With the selected user. As a result, contacts 104 With 
greater similarity are positioned closer to selected user 
symbol 102. The contacts 104 of different clusters 106 may 
be rendered in different colors to further indicate their 
relationships and to distinguish them from adjacent clusters. 

In addition to providing a representation of similarities 
betWeen contacts and groups of them, visualiZation 100 
includes the functionality of a conventional alphabetic con 
tact list. User interactions With visualiZation 100 may 
include navigation, re-clustering, and emailing. For 
example, user’s can graphically activate (i.e., “click on”) 
any contact 104 in visualiZation 100 to designate that contact 
as the selected user 102. As a result, visualiZation 100 
re-rendered based upon the neWly designated selected user 
102, Which is rendered centrally With the remaining contacts 
arranged in a sector vieW relative thereto based upon simi 
larities. 

The clustering algorithm in one implementation assigns 
each contact other than the selected or “centered” person to 
exactly one group. Re-clustering centered on any user pro 
vides a Way to go beyond the single group assignment. By 
selecting or centering any contact, one may visualiZe all the 
different groups the person is associated With. Alternatively, 
one may use different clustering algorithms that may not 
have this limitation. 

User’s can re-cluster contacts 104 by selecting different 
clustering tolerance levels With graphical control 116 (FIG. 
1). Users can initiate an email message to any contact 104 
or cluster 106 by activating an alternate graphical selection 
(e.g., a “right-click”) and selecting from among a menu of 
options that include initiating an email message to the 
speci?ed contact 104 or cluster 106. Initiating an email 
message may include opening a neW email message WindoW 
and populating the “To:” ?eld With the speci?ed contact 104 
or cluster 106. Features of the present invention may be 
associated or integrated With email client softWare. 
As another implementation, the visualiZation may include 

a list vieW in Which contacts, groups, and clusters are listed, 
such as in a text table. The contacts, groups, and clusters 
may be identi?ed by name, for example, and the table may 
include additional information such as level of similarity, 
contact information, etc. In addition, the contacts, groups, 
and clusters in the list vieW may be selectively sorted by 
name, level of similarity, etc. 

Process block 212 indicates that a non-clustered visual 
iZation of a social map is generated and rendered on a 
computer display screen based upon the analysis of com 
puter communication information provided at process block 
206. A non-clustered visualiZation of a social map may be 
generated and rendered Without the clustering analysis of 
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process block 208. In one implementation, people and 
groups are represented With a graph vieW, as illustrated in 
FIG. 3, for example, and described in greater detail beloW. 

Process block 214 indicates that group oriented tasks may 
be performed Without any explicit visualiZation being ren 
dered. One example of such a task is a dropdoWn menu in 
an otherWise conventional email client (e.g., Outlook® 
personal information management softWare available from 
Microsoft Corporation), the dropdoWn menu providing sug 
gested additional names based on the similarity association 
With the names already on the To: or Cc: line of an email 
being composed. Another example is an “email the group” 
item as a right button click menu selection. Another example 
is a contact manager on a handheld computing device that 
orders the names by their importance/frequency of use, 
thereby making the best use of the limited screen area. As 
shoWn in FIG. 2, the group oriented tasks may or may not 
use the results of the clustering analysis of process block 
208. 
As another implementation, computer tracking of com 

munication information may be applied to telephonic com 
munications, such as those tracked by computing devices 
integrated in some telephone systems or telephone handsets 
(e.g., mobile or cellular telephones). For example, some 
digital mobile telephones include integral, computer-con 
trolled call tracking features and address book features. The 
call tracking features can function to provide automatic 
computer tracking of telephonic communication informa 
tion, including telephone numbers called and telephone 
numbers from Which calls are received. In some cases, these 
tracked telephone numbers are correlated With telephone 
numbers stored in the integral address book in the telephone. 

Social map method 200 may generate or use social 
mapping in connection With computer tracking of telephonic 
communication information. As one example, contacts listed 
in a mobile telephone address book, together With a history 
of calls made to or from them, may be doWnloaded from the 
mobile telephone to a computer operating social map 
method 200. As a result, the social map generated by social 
map method 200 can include and incorporate the computer 
tracked telephonic communication information With com 
puter-based communication information. Alternatively, 
social map method 200 can be applied to computer-tracked 
telephonic communication information alone. 

In another example, a social map that is generated by 
social map method 200 may be doWnloaded to a telephone 
system or a mobile telephone so that names in the address 
book can be selectively ordered by their importance/fre 
quency of use. This implementation can simplify making 
calls to related people. The social map may be generated 
With or Without computer-tracked telephonic communica 
tion information. 

FIG. 3 is an illustration of an exemplary social map 
visualiZation 300 as rendered on a computer display screen. 
Social map visualiZation 300 includes a graph vieW of a 
netWork of nodes 302 and connections 304. People and 
groups are placed on the graph as nodes 302 so that the 
strength of the relational tie betWeen people and betWeen 
groups is represented by distance on the graph, and lines 304 
are draWn for the stronger relational ties. For example, social 
information may be rendered onto a 2-dimensional plane 
using an algorithm similar to that of a spring model, in Which 
the error betWeen actual similarity values and distances 
betWeen items is minimized. 

Social map visualiZation 300, sometimes referred to as a 
connections map, provides users With a social map that 
alloWs them to navigate for information using the connec 
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tions between people and groups. Each node 302 in visual 
ization 300 corresponds With pro?le information that may be 
displayed in a pro?le WindoW 306, for example. Users may 
search for information in the connections map 300 by 
entering text into a “search” text box 308, by graphically 
activating (i.e., “clicking on”) nodes 302 or connections 304 
in the map, or by clicking on information in the pro?le 
section 306. In addition, nodes 302 may be rendered With 
different colors that indicate the type of contact or group 
represented by the nodes, With a node color key 310 (shoWn 
in black line format) indicating Which node colors corre 
spond to the type exemplary contacts or groups project team, 
research group, research topic, distribution list, and person. 

Once it is selected, an item Will appear near the center of 
the map 300, items similar to it Will appear around it on the 
map, and a pro?le of the selected item is rendered in pro?le 
section 306. In the illustrated example, a search for “social 
computing” results in a selected node 312 (circled for 
clarity) being rendered With its associated nodes 302 and 
connections 304. Pro?le section 306 includes information 
about the group, including its manger, mission, associated 
research topics, and members. The underscored associated 
research topics and members in pro?le section 306 are 
separate items that may be “clicked on” or activated to 
generate a corresponding visualization 300. Pro?le section 
306 may also include a listing of the most closely related, or 
similar, contacts. 

Users can explore the netWork for deeper information by 
graphically activating (i.e., “clicking on”) the nodes 302 and 
the connecting lines 304. In one implementation, a user may 
graphically “hover” (i.e., position a graphical cursor, With 
out activating it) over a node 302 for a contact to have 
displayed group memberships for the contact. The group 
membership information may be rendered in a pop-up box, 
such as of the type sometimes referred to as a “tool tip.” A 
user may graphically hover over a line 304 betWeen tWo 
contacts 302 to have displayed overlapping group member 
ships of the tWo contacts. A user may graphically hover over 
a group to have displayed the members of that group. A user 
may graphically hover over a line betWeen tWo groups to 
have displayed the overlapping members in the groups. 

In one implementation a spring model is used for the 
graph visualization 300. The spring model is described by 
Tomihisa Kamada and Satoru KaWai in: An Algorithm For 
DraWing General Unidirected Graphs, Information Process 
ing Letters 31 (1989) 7*15. With the model, the objects of 
the graph are assumed to be connected by invisible springs, 
Which have a rest length corresponding to the similarity of 
the objects: the closer the relationship, the shorter the spring. 
Ideally, if all the distances are to be at their preferred length, 
the structure Would need to be represented in N-l dimen 
sions, but a satisfactory 2-dimensional representation can be 
achieved by minimizing the total energy of the springs. The 
total energy in the spring model may be expressed by the 
formula: 

Where rlj is the distance betWeen objects, klj is the spring 
constant, and 11-]- is the spring rest length. 
TWo properties of this formula should be pointed out. 

When the distances betWeen objects groW large, the energy 
of the system groWs as the square of the distance. That keeps 
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the objects con?ned to a limited area (Which is good for 
on-screen presentation), but it also represents a non-local 
interaction, i.e. the object’s position may be heavily affected 
by the objects on the other side of the graph. On the other 
hand, When the distance betWeen objects goes to zero, the 
spring energy goes to a ?nite value. It means the repulsive 
force of the springs is not enough to prevent the objects from 
coming on top of each other, Which may affect graph 
readability. 
The spring model is satisfactory for a small number of 

objects (approximately 2 to 10) that are all related to each 
other. The spring model is less satisfactory When applied to 
a larger set of objects. In particular, problems can arise With 
graph sections (i.e., individual objects or tightly coupled 
clusters of obj ects) that are loosely coupled to other sections. 
The naive expectation is that unrelated or loosely related 
sections should appear next to each other and separated by 
as large gaps as possible. The resulting graphs had the 
sections overlapping each other, With the distance betWeen 
unrelated objects often much less then betWeen the related 
ones, as illustrated in FIG. 4 

FIG. 4 shoWs a section of a graph vieW 400 based upon 
the spring model de?ned above and rendered on a tWo 
dimensional display. Graph vieW 400 includes a line 402 to 
represent similarity betWeen contacts 404 and 406, and a 
pair of lines 410 and 412 to represent similarity betWeen 
contacts 414*420. In graph vieW 400 item 406 is rendered 
too close to unrelated items 414 and 416 relative to their 
related items 418 and 420. 

To correct these issues, the present model uses a combi 
nation of a repulsive force proportional to the inverse of the 
distance value squared (l/rljz) and an attractive force groW 
ing linearly With the distance value. This is loosely based on 
the physical model for quark-quark interactions, Where the 
?rst term is an electrostatic repulsion and the second one is 
a string-like con?nement. In this model, the total energy is 
expressed by the formula 

Here, Z is a coef?cient de?ning the strength of the repulsive 
term (using electrostatic analogy, it Would be a product of 
electric charges). In general, Z should be a function of a pair 
ofobjects (i.e. ZZ-J), but in this model Z is set to be a constant. 
Moreover, since the goal is to determine the positions of the 
objects at the energy minimum, rather than the energy value 
itself, any constant factor in the energy formula is irrelevant. 
Therefore, Without lack of generalization, the value of Z 
may be set to 1. 

Coefficients ky- correspond generally to spring coef?cients 
of imaginary springs connecting the objects. This is similar 
to the conventional spring model, except that the rest length 
of the springs is noW assumed to be zero. HoWever, due to 
the presence of the repulsive force, the distance betWeen tWo 
objects at rest is given by the formula: 
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To position objects With greater similarity closer to each 
other, the coefficients k,.]. may be assumed to be proportional 
to the measures of similarity sy- (02s,); 1). 

The global coef?cient k de?nes the scale of this model. 
The minimal distance betWeen objects (i.e. the distance 
betWeen tWo objects of similarity l) is 3\/Z/k. To constrain 
or bound all objects in the graph to a display screen area, a 
focal point is de?ned With regard to the object that is located 
at the center of the graph and is referred to by all other 
objects. Accordingly, all other objects are connected to the 
focal point With an additional spring, Which results in the 
folloWing energy formula: 

NoW, 3\/Z/b is an approximate siZe of the graph, and the ratio 
k/b de?nes the siZe of the clusters of related objects relative 
to the siZe of the Whole graph (i.e., a clusteriZation ratio). 
HoW people interact With a netWork Will depend on the 

goals supported by the application. Examples of four forms 
of interaction that may be employed are those of a) explor 
atory navigation across the netWork, b) organiZation of 
information using netWork information (e.g., organiZe all 
my emails by dynamic cluster), c) communication With 
individuals and groups in the netWork (e.g., email everyone 
in this dynamic cluster), and d) searches/?ltering/informa 
tion retrieval using netWork relational information (e.g., 
“Who am I most similar to in this network?” “Who do I care 
about the most?” “Who is most important in this netWork?”). 

The tWo implementations are described hereinabove: one 
uses email behavior to dynamically create an interface that 
represents a user’s personal social netWork, and the other 
provides a map of the connections betWeen co-Workers and 
Work projects in an organiZation. Both implementations 
draW data from various data sources and use that data to 
develop mathematical models of social netWorks. These 
models are then used to develop graphical displays With 
Which the user interacts. 

The personal social netWorks are inferred by analyZing 
patterns in user email behavior. For example, similarities 
betWeen people are measured through counts of hoW often 
their names co-occur in email messages. Users are then 
provided With personal social netWork visualiZations that 
can be used as emailing and grouping tools, thereby foster 
ing a user’s easy navigation to and interaction With impor 
tant individuals and dynamic groups. 

The personal social netWorks are based upon the expec 
tation that past email behavior Will provide a fairly accurate 
approximation of Who users care about, and hoW users 
implicitly cluster or organiZe contacts in their minds. Thus 
past email frequency and clustering behavior can be used to 
help future email and clustering behavior. It is also expected 
that patterns in personal social netWorks Will alloW users to 
search for speci?c emails or contacts and organiZe to their 
contact lists. Examples of these applications are illustrated 
by the folloWing scenarios. 

Scenario 1: Bob Wants to call his friend Jerry, but does not 
remember J erry’s phone number. Bob’s conventional alpha 
betic contact list has groWn to the point of being cumber 
some. Rather than search for Jerry’s contact information 
through the standard alphabetical list, Which is di?icult to 
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12 
navigate and does not order by importance, Bob goes to his 
personal social map to see the 40 people he has most been 
in contact With in the last 120 days. Bob right clicks on 
Jerry’s name and gets Jerry’s contact information. 

Scenario 2: Bob Wants to create a Distribution List out of 
the names of the people Who have been Working on one of 
his projects. They have been emailing each other about the 
project extensively over the past Week, so Bob knoWs they 
Will be clustered together. Bob decides to sort his contact list 
by dynamic clusters. He right-clicks on the appropriate 
cluster and creates his Distribution List. 

Scenario 3: Bob Wants to email a person he emailed 
several times a feW Weeks ago. Bob cannot remember the 
person’s name, but remembers that the person designated 
under “CC:” to receive several email Bob had sent to Joe. 
Bob types Joe’s email alias in the “To:” ?eld of his email 
message, right clicks and then clicks on an insert related 
people option. The person’s name, Jim, appears in the “To:” 
?eld next to Joe’s name. 

Scenario 4: Bob Wants to throW a surprise birthday party 
for his co-Worker John. Rather then using their Workgroup 
distribution list, Which Would include John and spoil the 
surprise, Bob starts With the dynamic cluster that happens to 
involve the same people. With a right click on the cluster, 
Bob creates a neW mail With all the names pre-?lled in the 
To: line. Then, Bob then deletes the John’s name and adds 
John’s Wife instead. This example shoWs the ?exibility 
associated With lightWeight dynamic clusters compared to 
traditional distribution lists. 

The map of the connections betWeen co-Workers and 
Work projects in an organiZation alloWs users to explore 
relationships betWeen co-Workers and Work projects. The 
map models the social structures of an organiZation (and the 
relationships of others Who interact With the organiZation) 
using the interaction patterns encapsulated by distribution 
list memberships. For example, similarities betWeen people 
are measured through counts of hoW often the people 
co-occur in groups, projects, Work topics, and distribution 
lists. 

This map provides users With a social map that alloWs 
them to navigate for information using the connections 
betWeen people and groups. Each node in the graph corre 
sponds With pro?le information that may be displayed in 
pro?le WindoW 306 (FIG. 3), for example. The map of 
connections may be implemented as a Web site that is 
accessible Within the organiZation. For example, the map 
may be generated by a module that is implemented as a 
COM object. Result of the map generation may be returned 
as XML data describing the positions of all the points on the 
map. The XML data may be is returned to the user’s client 
computer Where the ?nal rendering takes place. 

Users may search for information in the connections map 
by entering text into the “search” text box 308, by graphi 
cally activating (i.e., “clicking on”) items in the map, or by 
clicking on items in the pro?le section 306. Once it is 
selected, an item Will appear in the center of the map 300, 
items similar to it Will appear around it on the map, and a 
pro?le of the selected item is rendered in pro?le section 306. 
Examples of applications of the connections map are illus 
trated by the folloWing scenarios. 

Scenario 1. Jane has no idea Who is Working on issues 
related to natural language processing in an organiZation. 
She goes to a Web site implementing the connections map 
ping of this invention and types in “natural language pro 
cessing” into the search text box 308. From the resulting 
visualiZation 300, she sees that “natural language process 
ing” is primarily connected to a Natural Language Process 
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ing group, but that several people from other groups are also 
Working Within the domain of natural language processing 
projects. Furthermore, she notices that the natural language 
processing group has a strong connection to the Speech 
Technology group. 

Scenario 2. Jane has a vague memory of learning about a 
3D graphics project from someone she has met in an 
organization. She cannot remember the project name, but 
does remember the person’s name. She goes to Web site 
implementing the connections mapping and types in the 
person’s name. She sees that he has Worked on a project 
called the Virtual Works Platform. She toggles to the 
projects vieW, and by navigating along the links around the 
Virtual Works Platform she sees that most of the people Who 
Worked on that project noW Work on neW projects. 

Scenario 3: Jane has a question related to Chinese user 
interfaces that she Wants to send an email about. She 
searches for “user interface” keyWord and ?nds that the 
“Multimodal User Interface group” is probably the one she 
needs to talk to. But this is a name of the group, and not a 
distribution list she can send an email to. She checks the map 
and ?nds that the closest distribution list With a cryptic name 
‘MSRCNUIe’ shares most of the members With the Multi 
modal User Interface group and may be her best choice for 
the email. 

People, their relationships, netWork clusters and netWork 
patterns may be represented to the user using a variety of 
methods. In addition to methods described in Aldenderfer, & 
Bash?eld, 1984; referenced above, methods are also 
described in Card, S., Mackinlay, 1., & Scheiderman, B. 
(1999). Readings in Information Visualization: Using Vision 
to Think. San Francisco, Morgan Kaufman Publishers, 
Freeman, L. C. Visualizing Social NetWorks. [http://car 
nap.ss.uci.edu/vis.html], and Wasserrnan, S., & Faust, K. 
(1994) Social NetWork Analysis: Methods and Applications. 
Cambridge, UK: Cambridge University Press. These meth 
ods vary in complexity, ranging from the simple link rep 
resentations used in Web pages, to complex diagrams mod 
eled after neural nets. HoW netWorks are represented to the 
user Will depend on the functionality of the application. For 
example, if the goal is to aid people in sorting their emails, 
dynamic clustering of emails could be represented to users 
simply through the order in Which emails are listed in their 
inboxes. 

Having described and illustrated the principles of our 
invention With reference to an illustrated embodiment, it Will 
be recognized that the illustrated embodiment can be modi 
?ed in arrangement and detail Without departing from such 
principles. In vieW of the many possible embodiments to 
Which the principles of our invention may be applied, it 
should be recognized that the detailed embodiments are 
illustrative only and should not be taken as limiting the 
scope of our invention. Rather, I claim as my invention all 
such embodiments as may come Within the scope and spirit 
of the folloWing claims and equivalents thereto. 

The invention claimed is: 
1. In a computer readable storage medium, social map 

ping softWare for mapping contacts from computer commu 
nication information, comprising: 

softWare for automatically collecting computer commu 
nication information relating to multiple contacts Who 
are in computer communication With each other, one of 
the multiple contacts being a selected user; 

softWare for ?ltering the computer communication infor 
mation according to one or more preselected criteria to 
maintain the number of contacts associated With the 
selected user at or beloW a selected threshold; 
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14 
softWare for analyzing the computer communication 

information to determine extents of similarity betWeen 
the multiple contacts; and 

softWare for generating and rendering on a computer 
display screen a visualization of a social map based 
upon the extents of similarity betWeen the multiple 
contacts; 

the visualization of the social map includes a sector vieW 
or a graph vieW to display extents of similarity betWeen 
the multiple contacts. 

2. The medium of claim 1 in Which the computer com 
munication information includes email messages. 

3. The medium of claim 2 in Which the computer com 
munication information is obtained from identi?ers of Who 
sent and Was sent email messages. 

4. The medium of claim 1 in Which the computer com 
munication information includes email distribution list 
memberships. 

5. The medium of claim 1 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to a number of occurrences in Which each contact 
is identi?ed in the computer communication information. 

6. The medium of claim 1 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to Whether contacts are directly related With each 
other in the computer communication information. 

7. The medium of claim 1 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to Whether the computer communication infor 
mation is associated With a prede?ned time period. 

8. The medium of claim 1 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to Whether contacts are members of an organiza 
tion or a part of the organization. 

9. The medium of claim 1 in Which the extents of 
similarity betWeen the multiple contacts include local simi 
larities betWeen pairs of contacts, each local similarity 
indicating a proportion of occurrences in the computer 
contact information in Which the pair of contacts occur 
together. 

10. The medium of claim 1 in Which the extents of 
similarity betWeen the multiple contacts include global 
similarities betWeen pairs of contacts, each global similarity 
indicating a proportion of occurrences in the computer 
contact information in Which the pair of contacts occur 
together relative to the greatest number of occurrences in the 
computer communication information for any contact. 

11. The medium of claim 1 further comprising softWare 
for clustering the contacts into groups according to the 
similarities of the contacts and including the groups in the 
visualization rendered on the computer display screen. 

12. The medium of claim 1 in Which the computer 
communication information is collected dynamically to cap 
ture automatically changes over time in the computer com 
munication betWeen the multiple contacts. 

13. In a computer readable storage medium, social map 
ping softWare for mapping contacts from computer commu 
nication information, comprising: 

softWare for automatically collecting computer commu 
nication information relating to multiple contacts Who 
are in email communication With each other, one of the 
multiple contacts being a selected user; 

softWare for ?ltering the computer communication infor 
mation according to one or more preselected criteria to 
maintain the number of contacts associated With the 
selected user at or beloW a selected threshold; 
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software for analyzing the computer communication 
information to determine extents of similarity betWeen 
the multiple contacts; 

software for clustering the contacts into groups according 
to the similarities of the contacts; 

software for generating and rendering on a computer 
display screen a visualiZation of a social map based 
upon the extents of similarity betWeen the multiple 
contacts and including the groups in the visualiZation; 
and 

softWare for generating and rendering on a computer 
display screen a visualiZation of a social map that 
includes a sector vieW or a graph vieW to shoW extents 
of similarity betWeen the multiple contacts. 

14. The medium of claim 13 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to a number of occurrences in Which each contact 
is identi?ed in the computer communication information. 

15. The medium of claim 13 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to Whether contacts are directly related With each 
other in the computer communication information. 

16. The medium of claim 13 in Which the ?ltering of the 
computer communication information includes ?ltering 
according to Whether the computer communication infor 
mation is associated With a prede?ned time period. 

17. The medium of claim 13 in Which the extents of 
similarity betWeen the multiple contacts include local simi 
larities betWeen pairs of contacts, each local similarity 
indicating a proportion of occurrences in the computer 
contact information in Which the pair of contacts occur 
together. 

18. The medium of claim 13 in Which the extents of 
similarity betWeen the multiple contacts include global 
similarities betWeen pairs of contacts, each global similarity 
indicating a proportion of occurrences in the computer 
contact information in Which the pair of contacts occur 
together relative to the greatest number of occurrences in the 
computer communication information for any contact. 

19. The medium of claim 13 in Which the computer 
communication information is collected dynamically to cap 
ture automatically changes over time in the computer com 
munication betWeen the multiple contacts. 

20. A social mapping visualiZation rendered on a com 
puter display, comprising: 

a social map visualiZation of plural contacts identi?ed 
from automatically collected computer communication 
information, one of the plural contacts being a selected 
user, Wherein the computer communication informa 
tion is ?ltered according to one or more preselected 
criteria to maintain number of contacts associated With 
the selected user at or beloW a selected threshold; 

the visualiZation further including indications of estab 
lished extents of similarity betWeen plural contacts and 
social contact information rendered for at least the 
selected user, the plural contacts are clustered into 
groups according to similarities of the contacts and are 
rendered either With a sector vieW or a graph vieW to 
display extents of similarity betWeen the plural con 
tacts. 

21. The visualiZation of claim 20 in Which the computer 
communication information includes email messages. 

22. The visualiZation of claim 20 in Which the computer 
communication information includes email distribution list 
memberships. 
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23. The visualiZation of claim 20 further comprising a 

user operable graphical control for selecting the ?ltering 
threshold to limit the number of plural contact rendered in 
the visualiZation. 

24. The visualiZation of claim 20 further comprising a 
user operable graphical control for selecting a grouping 
control to set the extent to Which similarities betWeen the 
contacts cause them to be rendered in clusters in the visu 
aliZation. 

25. The visualiZation of claim 20 further comprising a 
user operable graphical control for selecting a time period to 
specify a time period over Which the plural contacts are 
identi?ed from the computer communication information. 

26. The visualiZation of claim 20 in Which the graph vieW 
is based upon an attractive spring model and a separate 
repulsive model component to provide increased separation 
betWeen dissimilar contacts. 

27. The visualiZation of claim 20 in Which the graph vieW 
is based upon an attractive spring model and a separate 
repulsive model component to provide increased separation 
betWeen dissimilar contacts, and further includes an attrac 
tive spring component directed to a display screen focal 
point to constrain the plural contacts to a prede?ned display 
screen area. 

28. In a computer readable storage medium, social map 
ping softWare for mapping contacts from computer-tracked 
communication information, comprising: 

softWare for collecting computer-tracked communication 
information relating to multiple contacts Who are in 
communication With each other, one of the multiple 
contacts being a selected user; 

softWare for ?ltering the computer-tracked communica 
tion information according to one or more preselected 
criteria to maintain the number of contacts associated 
With the selected user at or beloW a selected threshold; 

softWare for analyZing the computer-tracked communica 
tion information to determine extents of similarity 
betWeen the multiple contacts; and 

softWare for generating a social map in either a sector 
vieW or a graph vieW based upon the extents of simi 
larity betWeen the multiple contacts. 

29. The medium of claim 28 in Which the ?ltering of the 
computer-tracked communication information includes ?l 
tering according to a number of occurrences in Which each 
contact is identi?ed in the computer-tracked communication 
information. 

30. The medium of claim 28 in Which the extents of 
similarity betWeen the multiple contacts include local simi 
larities betWeen pairs of contacts, each local similarity 
indicating a proportion of occurrences in the computer 
contact information in Which the pair of contacts occur 
together. 

31. The medium of claim 28 in Which the computer 
tracked communication information includes computer 
communication information. 

32. The medium of claim 28 in Which the computer 
tracked communication information includes telephonic 
communication information. 

33. The medium of claim 32 in Which the telephonic 
communication information includes telephonic communi 
cations to or from a mobile telephone. 

34. The medium of claim 28 further comprising softWare 
for providing the social map to a telephonic communication 
device. 

35. The medium of claim 34 in Which the telephonic 
communication device is a mobile telephone. 

* * * * * 


